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(37) ABSTRACT

A system and method 1s provided for using a first vascular
image, or more particularly a plurality of control points
located thereon, to i1dentity a border on a second vascular
image. Embodiments of the present invention operate in
accordance with an intra-vascular ultrasound (IVUS) device
and a computing device electrically connected thereto. Spe-
cifically, in one embodiment of the present invention, an
IVUS console 1s electrically connected to a computing
device and adapted to acquire IVUS data. The IVUS data (or
multiple sets thereot) 1s then provided to (or acquired by) the
computing device. In one embodiment of the present inven-
tion, the computing device includes a plurality of applica-
tions operating thereon—i.e., a border-detection application,
an extrapolation application, and an active-contour applica-
tion. These applications are used to (1) identify a border and
control points on a first IVUS 1mage (1.e., any IVUS 1mage),
(11) extrapolate the control points to a second IVUS 1mage
(1.e., another IVUS 1mage), (111) 1identify a border on the
second IVUS 1mage, and (1v) adjust the border on the second
IVUS mmage in accordance with at least one factor. In one
embodiment of the present invention, the at least one factor
1s selected from a group consisting of gradient factor,
continuity factor, and curvature factor.

20 Claims, 3 Drawing Sheets
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SYSTEM AND METHOD FOR IDENTIFYING
A VASCULAR BORDER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit pursuant to 35 U.S.C.
§ 119(e) of U.S. Provisional Patent Application Nos. 60/406,
148, 60/406,183, 60/406,184, 60/406,185, 60/406,234, and

60/406,254, all of which were filed Aug. 26, 2002, and all
are 1ncorporated herein, in their entirety, by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to vascular borders, or more
particularly, to a system and method of using a first vascular
image (or control points located therein) to 1dentity a border
on a second vascular image.

2. Description of Related Art

The present invention relates to medical imaging arts. It
finds particular application to a system and method of
identifying a border in an intra-vascular ultrasound (IVUS)
image. It should be appreciated that while the present
invention 1s described 1n terms of 1dentifying a luminal and
medial-adventitial border on an IVUS image, the present
invention 1s not so limited. Thus, for example, 1dentifying
any border (or boundary) 1n any vascular image 1s within the
spirit and scope of the present mnvention.

Ultrasonic 1maging of portions of a patient’s body pro-
vides a useful tool 1n various areas of medical practice for
determining the best type and course of treatment. Imaging
of the coronary vessels of a patient by ultrasonic techniques
can provide physicians with valuable information. For
example, the image data may show the extent of a stenosis
in a patient, reveal progression ol disease, help determine
whether procedures such as angioplasty or atherectomy are
indicated or whether more invasive procedures may be
warranted.

In a typical ultrasound imaging system, an ultrasonic
transducer 1s attached to the end of a catheter that 1s carefully
maneuvered through a patient’s body to a point of interest
such as within a blood vessel. The transducer may be a
single-element crystal or probe that 1s mechanically scanned
or rotated back and forth to cover a sector over a selected
angular range. Acoustic signals are then transmitted and
echoes (or backscatter) from these acoustic signals are
received. The backscatter data can be used to i1dentify the
type or density of a scanned tissue. As the probe 1s swept
through the sector, many acoustic lines are processed build-
ing up a sector-shaped image of the patient. After the data 1s
collected, an 1image of the blood vessel (1.e., an IVUS 1mage)
1s reconstructed using well-known techniques. This 1image 1s
then visually analyzed by a cardiologist to assess the vessel
components and plaque content.

A typical analysis includes determining the size of the
lumen and amount of plaque 1n the vessel. This 1s performed
by generating an 1mage of the vessel (e.g., an IVUS 1mage)
and manually drawing contoured boundaries on the image
where the clinician believes the luminal and the medial-
adventitial borders are located. This 1s a very time consum-
ing process. Furthermore, this process 1s made more diflicult
when multiple images are being analyzed (e.g., to recreate a
3D vascular 1mage, etc.) or the images are of poor quality
(e.g., making the boundaries more difhicult to see). Thus, it
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2

would advantageous to have a system and method of 1den-
tifying a border on a vascular image that overcomes at least
one of these drawbacks.

SUMMARY OF THE INVENTION

The present invention provides a system and method of
using a first vascular 1mage, or more particularly a plurality
ol control points located thereon, to 1dentify a border on a
second vascular image. Embodiments of the present inven-
tion operate 1 accordance with an intra-vascular ultrasound
(IVUS) device and a computing device electrically con-
nected thereto. Specifically, mn one embodiment of the
present mnvention, an IVUS console 1s electrically connected
to a computing device and a transducer via a catheter. The
transducer 1s inserted into a blood vessel of a patient and
used to gather IVUS data (1.e., blood-vessel data, or data that
can be used to i1dentity the shape of a blood vessel, its
density, 1its composition, etc.). The IVUS data 1s then pro-
vided to (or acquired by) the IVUS console, where it 1s used
to produce an IVUS 1mage of the vessel.

The IVUS data (or multiple sets thereotf) 1s then provided
to (or acquired by) the computing device. In one embodi-
ment of the present invention, the computing device
includes a plurality of applications operating thereon—i.e.,
a border-detection application, an extrapolation application,
and an active-contour application. These applications are
used to (1) identity a border and control points on a first
IVUS image (1.e., any IVUS 1mmage), (1) extrapolate the
control points to a second IVUS 1mage (i.e., another IVUS
image), (111) identily a border on the second IVUS 1mage,
and (1v) adjust the border on the second IVUS image 1n
accordance with at least one factor.

Specifically, the border-detection application 1s adapted to
identify a border on a vascular image (e.g., an IVUS 1mage).
In one embodiment of the present mnvention, this 1s accom-
plished by analyzing the IVUS image, or IVUS data that
corresponds to the IVUS 1mage, to determine certain gra-
dients located therein. This 1s because borders of vascular
objects can be identified by a change in pixel color (e.g.,
light-to-dark, dark-to-light, shadel-to-shade2, etc). Once the
border 1s 1dentified, the border-detection application 1s used
to 1dentify at least one control point (i.e., a starting-control
point) on the identified border. The extrapolation application
1s then used to i1dentity at least one control point (1.e., an
additional control point) on at least one other IVUS 1mage.
In a preterred embodiment of the present invention, this 1s
done by extrapolating the previously i1dentified control point
(1.e., the starting-control point) to at least one other IVUS
image. Once the control point(s) 1s extrapolated, the extrapo-
lating application 1s adapted to i1dentily (or approximate) a
border that passes through the extrapolated point(s).

The active-contour application 1s then used to adjust the
approximated border (1.e., the border passing through the
extrapolated point(s)) to more closely match the actual
border of the vascular object. In doing so, the active-contour
application may consider, or take into account at least (1)
image gradients (1.e., gradient factor), (11) the proximity of
the border to each extrapolated point (1.e., continuity or
control-point factor), and/or (111) border curvature or
smoothness (1.e., curvature or boundary factor). Specifically,
the gradient factor can be used to adjust the border if the
neighboring pixels (as opposed to the pixels of the border)
include border characteristics (e.g., a dark-to-light transi-
tion, etc.). In other words, 1f the neighboring pixels include
border-like characteristics (or at least more so than the pixels
forming the border), then the border 1s adjusted. The con-
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tinuity factor and the curvature factor can be used to ensure
that the border passes through each extrapolated point and
does not include any sharp transitions (e.g., corners, etc.),
respectively. In one embodiment of the present invention,
the active-contour application 1s further adapted to adjust
related borders on adjacent images if the boarder 1s manually
adjusted.

A more complete understanding of the system and method
of 1dentifying a border on an IVUS 1mage will be afforded
to those skilled in the art, as well as a realization of
additional advantages and objects thereol, by a consider-
ation of the following detailed description of the preferred
embodiment. Reference will be made to the appended sheets
of drawings which will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a vascular-border-identification system
in accordance with one embodiment of the present inven-
tion.

FI1G. 2 illustrates and exemplary intra-vascular ultrasound
(IVUS) image.

FIG. 3 illustrates a plurality of borders that can be
identified 1n an IVUS 1mage.

FI1G. 4 1llustrates a plurality of control points on one of the
borders depicted in FIG. 3.

FIG. 5 1illustrates how a plurality of 2D vascular images
can be used to generate a 3D vascular 1image.

FI1G. 6 1llustrates how the control points from a first image
(e.g., the image depicted 1in FI1G. 4) can be extrapolated onto
a second 1mage.

FIG. 7 illustrates a vascular image including a luminal
boundary, a medial-adventitial boundary, and a plaque com-
ponent located therebetween.

FIG. 8 1llustrates a method of i1dentifying a border of a
vascular object 1n accordance with one embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

The present invention provides a system and method of
using a first vascular 1mage, or more particularly a plurality
ol control points located thereon, to i1dentify a border on a
second vascular image. In the detailed description that
follows, like element numerals are used to describe like
clements 1illustrated 1n one or more figures.

Embodiments of the present invention operate 1 accor-
dance with an intravascular ultrasound (IVUS) device and a
computing device electrically connected thereto. FIG. 1
illustrates a vascular-border-identification system 10 1n
accordance with one embodiment of the present invention.
Specifically, an IVUS console 110 1s electrically connected
to a computing device 120 and a transducer 114 via a
catheter 112. The transducer 114 1s inserted into a blood
vessel of a patient (not shown) and used to gather IVUS data
(1.e., blood-vessel data, or data that can be used to identily
the shape of a blood vessel, 1ts density, its composition, etc.).
The IVUS data 1s then provided to (or acquired by) the IVUS
console 110, where 1t 1s used to produce an IVUS image of
the vessel.

More particularly, IVUS data 1s typically gathered in
segments, either through a rotating transducer or an array of
circumierentially positioned transducers, where each seg-
ment represents an angular portion of an IVUS 1mage. Thus,
it takes a plurality of segments (or a set of IVUS data) to
image an entire cross-section of a vascular object. Further-
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more, multiple sets of IVUS data are typically gathered from
multiple locations within a vascular object (e.g., by moving
the transducer linearly through the vessel). These multiple
sets of data can then be used to create a plurality of
two-dimensional (2D) images or one three-dimensional
(3D) image. It should be appreciated that the present mnven-
tion 1s not limited to the use of an IVUS device (or the
acquisition of IVUS data), and may further include using

thermographic devices, optical devices (e.g., an optical
coherence tomography (OCT) console), MRI devices, or any
vascular imaging devices generally known to those skilled in
the art. It should further be appreciated that the computing
device depicted 1n FIG. 1 includes, but 1ts not limited to,
personal computers or any other data-processing devices
(general purpose or application specific) that are generally
known to those skilled in the art.

The IVUS data (or multiple sets thereotf) 1s then provided
to (or acquired by) the computing device 120. In one
embodiment of the present invention, the computing device
120 1ncludes a plurality of applications operating thereon—
1.e., a border-detection application 122, an extrapolation
application 124, and an active-contour application 126.
These applications are used to (1) identity a border and
control points on a first IVUS 1mage (1.¢., any IVUS 1mage),
(11) extrapolate the control points to a second IVUS 1mage
(1.e., another IVUS image), (11) 1dentity a border on the
second IVUS 1mage, and (1v) adjust the border on the second
IVUS mmage. It should be appreciated that the number and/or
location of the applications depicted 1n FIG. 1 are not
intended to limit the present invention, but are merely
provided to 1illustrate the environment 1n which the present
invention operates. Thus, for example, using a single appli-
cation to perform the application functions, as discussed
herein, or remotely locating at least one of the applications
(1n whole or 1n part) 1s within the spirit and scope of the
present invention. It should further be appreciated that,
while the present invention 1s discussed 1n terms of singu-
larities (e.g., 1dentifying a border on one IVUS 1image,
extrapolating control points to another IVUS image, etc.),
the present mvention 1s not so limited. In fact, the present
invention 1s particularly useful 11 it 1s used on a plurality of
IVUS 1mmages (e.g., identifying borders on every fifth IVUS
image, extrapolating control points from the fifth IVUS
image to the next four IVUS 1mages, etc.). It should also be
appreciated that the terms “first” and “second,” as those
terms are used herein, are used broadly to identily any two
IVUS mmages. Thus, the phrase “second IVUS 1mage” may
be used to 1dentify an IVUS 1mage distinct from a first IVUS
image (as opposed to the second IVUS 1mage 1n a series of
IVUS 1mages).

Vascular objects include several identifiable borders. For
example, the luminal border demarcates the blood-intima
interface and the medial-adventitial border demarcates the
external elastic membrane (the boundary between the media
and adventitia). By 1dentifying these borders, the plaque-
media complex, which 1s located there between, can be
analyzed and/or calculated. It should be appreciated that the
present mvention 1s not limited to the identification of any
particular border, and includes all vascular boundaries gen-
erally known to those skilled 1n the art.

Referring back to FIG. 1, the border-detection application
122 1s adapted to 1dentity a border on a vascular image (e.g.,
an IVUS 1mage). In one embodiment of the present inven-
tion, this 1s performed by analyzing the IVUS image, or
IVUS data that corresponds the IVUS image, to determine
certain gradients located therein. This 1s because borders of
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vascular objects can be identified by a change 1n pixel color
(e.g., light-to-dark, dark-to-light, shadel-to-shade2, etc).

For example, FIG. 2 illustrates an exemplary IVUS 1mage
20 of a vascular object. Starting from the center and working
outward, the catheter can be identified by the first light-to-
dark transition (or gradient). The catheter border i1s further
identified in FIG. 3 (1.e., 330). Referring back to FIG. 2, and
continuing outward, the next dark-to-light transition (or
gradient) identifies the luminal border (1.e., see FIG. 3, 320).
The medial-adventitial border can then be identified by
going outward from the luminal border until the next dark-
to-light transition (or gradient) 1s found (see FIG. 3, 310). It
should be appreciated that because the IVUS image 1s
constructed using gray-scales, 1t may be necessary to utilize
an algorithm and/or at least one threshold value to 1dentily
precisely where the image changes from light to dark (or
vice versa). However, 1t should further be appreciated that
the present invention 1s not limited to any particular algo-
rithm for identifying the aforementioned transitions, and
includes all algorithms (and/or threshold values) generally
known to those skilled 1n the art.

Once the border 1s 1dentified, the border-detection algo-
rithm 1s further adapted to identify at least one control point
on the border. For example, with reference to FIGS. 3 and
4, the border-detection algorithm can be used to identify a
plurality of control points 22 on the luminal border 320. It
should be appreciated that the location and number of
control points depicted in FIG. 4 are not intended to limait the
present invention, and are merely provided to illustrate the
environment 1n which the present invention may operate. In
an alternate embodiment, the border-detection application
122 1s adapted to identily a border using user-identified
control points. Such an embodiment 1s discussed in detail 1n
U.S. Pat. No. 6,381,350, which 1ssued Apr. 30, 2002, and 1s
incorporated herein, 1n 1ts entirety, by reference.

Referring back to FIG. 1, once the border and control
point(s) are 1dentified on a first vascular image, the extrapo-
lation application 124 1s used to 1dentily at least one control
point on at least one other IVUS image. In a preferred
embodiment of the present invention, this 1s done by
extrapolating the previously identified control points to at
least one other IVUS mmage. By doing this, multiple 2D
images (or at least one 3D i1mage) can be produced. For
example, as 1llustrated 1n FIG. 5, multiple 2D 1mages (e.g.,
20, 52a-52d, etc.) are used to produce a 3D 1mage of a
tubular (e.g., vascular) object 50.

FIG. 6 illustrates how an 1dentified control point can be
extrapolated to another IVUS 1mmage. Specifically, the con-
trol points that were illustrated in FIG. 4 (1.e., 22) are
extrapolated (or copied) to another IVUS 1mage (e.g., 32d),
thus creating a second set of control points 62. In one
embodiment of the present invention, the control points are
extrapolated using Cartesian coordinates. It should be appre-
ciated that, while FIG. 6 illustrates control points being
extrapolated to an adjacent image, the present invention 1s
not so limited. Thus, extracting control points to additional
images (e.g., 52¢, 52b, etc.) 1s within the spirit and scope of
the present mnvention.

Once the control points are extrapolated, the extrapolating
application 1s further adapted to 1dentify (or approximate) a
border based on the extrapolated points. For example, as
shown 1 FIG. 6, the extrapolated points 62 may be con-
nected using a plurality of lines 64, where the lines are either
straight or curved (not shown). In another embodiment of
the present invention, the extrapolating application 1s
adapted to use an algorithm (e.g., a cubic-interpolation
algorithm, etc.) to identity line shape.
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Retferring back to FIG. 1, the active-contour application
126 1s then used to adjust the border to more closely match
the actual border of the vascular object. In doing so, the
active-contour application 126 may consider or take into
account at least (1) image gradients (1.e., gradient data), (11)
the proximity of the border to each extrapolated point (1.¢.,
continuity or control-point factor), and/or (111) border cur-
vature or smoothness (1.e., curvature or boundary factor).
Specifically, by considering gradient data (or a gradient
factor), the border can be adjusted if the neighboring pixels
(as opposed to the pixels of the border) include border
characteristics (e.g., a dark-to-light transition, etc.). By
considering a continuity or control-point factor, the border
can be adjusted so that it passes through each extrapolated
point. Furthermore, by considering a curvature or boundary
factor, the border can be adjusted to prevent sharp transitions
(e.g., corners, e¢tc.). In one embodiment of the present
invention, the continuity and curvature factors are also used
to connect related borders on adjacent images. It should be
appreciated that 1t multiple factors are being considered,
then 1individual factors may be weighted more heavily than
others. This becomes important if the factors produce dii-
terent results (e.g., the gradient factor suggests adjusting the
border away from an extrapolated point, etc.). It should
turther be appreciated that the active-contour application
may also be used to adjust the border identified by the
border-detection application. It should also be appreciated
that the present invention 1s not limited to the use of the
alforementioned factors for border optimization, and that the
use of additional factors (e.g., frequency factor, etc.) to
adjust (or optimize) a border 1s within the spirit and scope of
the present invention.

In one embodiment of the present invention, the adjusted
borders are configured to be manually manipulated. In other
words, at least one point on the border can be selected and
manually moved to a new location. The active-contour
application 1s then used (as previously discussed) to recon-
struct the border accordingly. In another embodiment of the
present invention, the active-contour application 1s further
adapted to adjust related borders 1n adjacent images. This 1s
done by fitting a geometrical model (e.g., a tensor product
B-spline, etc.) over the surface of a plurality of related
borders (e.g., as identified on multiple IVUS 1mages). A
plurality of points on the geometrical model are then param-
cterized and formulated into a constrained least-squares
system of equations. If a point on the border 1s manually
moved, the active-contour application can utilize these equa-
tions to calculate a resulting surface (or mesh of control
points). The aflected borders (e.g., adjacent borders) can
then be adjusted accordingly.

Once the border has been sufliciently adjusted, the afore-
mentioned process can be repeated to i1dentity additional
borders. In an alternate embodiment of the present inven-
tion, multiple borders (e.g., luminal and medial-adventitial
borders) are 1dentified concurrently. The multiple border can
then be imaged (1in either 2D or 3D) and analyzed by either
a skilled practitioner or a computer algorithm. For example,
as 1illustrated in FIG. 7, the luminal border 74 and the
medial-adventitial border 76 can be used (by either a clini-
cian or an algorithm) to 1dentity the plaque-media complex
78 of a vascular object.

One method of 1dentity a border on a vascular image 1s
illustrated 1n FIG. 8. Specifically, in step 810, multiple sets
of IVUS data are acquired, where each set of IVUS data
corresponds to a 2D IVUS 1mage. At step 812, a border 1s
approximated in one IVUS 1mage (e.g., using gradient data,
etc.). Control points on the approximated border are then
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identified at step 814. At step 816, these control points are
then used to 1dentity additional control points on additional
2D IVUS 1mmages (e.g., via extrapolation, etc.). These addi-
tional control points are then used to approximate at least
one other border at step 818, which 1s then adjusted at step
820. In one embodiment, the border 1s adjusted 1 accor-
dance with at least gradient data.

Having thus described a preferred embodiment of a
system and method of identifying a border on a vascular
image, 1t should be apparent to those skilled 1n the art that
certain advantages of the system have been achieved. It
should also be appreciated that various modifications, adap-
tations, and alternative embodiments thereof may be made
within the scope and spirit of the present invention. The
invention 1s further defined by the following claims.

What 1s claimed 1s:

1. A method of i1dentifying a border of a vascular object,
comprising:
acquiring multiple sets of blood-vessel data, each set cor-
responding to an 1image of a vascular object; using a set of
blood-vessel data to approximate a border on an 1image of
said vascular object; 1dentifying at least one control point on
said border; extrapolating said at least one control point to
at least one other set of blood-vessel data, creating at least
one other control point on at least one other 1mage; using
said at least one other control point to approximate at least
one other border on said at least one other image; and
adjusting said at least one other border 1n accordance with at
least a gradient factor.

2. The method of claim 1, wherein said step of acquiring
multiple sets of blood-vessel data further comprises acquir-
ing multiple sets of intra-vascular ultrasound (IVUS) data,
where each set corresponds to an IVUS image of said
vascular object.

3. The method of claim 1, wherein said step of using a set
of blood-vessel data to approximate a border further com-
prises 1dentifying gradients in said image and using said
gradients to approximate said border on said image of said
vascular object.

4. The method of claim 1, wherein said step of extrapo-
lating said at least one control point further comprises
extrapolating said at least one control point to an adjacent set
of blood-vessel data, said adjacent set corresponding to
another 1mage adjacent to said image.

5. The method of claim 4, further comprising automati-
cally adjusting an adjacent border 11 said border 1s manually
adjusted, said adjacent border being located on said another
image.

6. The method of claim 1, wherein said step adjusting said
at least one other border further comprises adjusting said at
least one other border 1in accordance with at least a conti-
nuity factor, said continuity factor representing an amount of
continuity between adjacent control points on said at least
one other border.

7. The method of claim 6, wherein said step of adjusting
said at least one other border further comprises adjusting
said at least one other border in accordance with at least a
curvature factor, said curvature factor representing an
amount of continuity between adjacent portions of said at
least one other border.

8. The method of claim 1, wherein said step of adjusting
said at least one other border further comprises adjusting
said at least one other border in accordance with at least a
curvature factor, said curvature factor representing an
amount of continuity between adjacent portions of said at
least one other border.
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9. A border-identification system comprising: a comput-
ing device adapted to be electrically connected to a data-
gathering device and to acquire from said data-gathering
device multiple sets of blood-vessel data, each set corre-
sponding to an 1image ol a vascular object; a border-detection
application operating on said computing device and adapted
to use at least a portion of said blood-vessel data to produce
starting-border data and starting-control-point data, said
starting-border data representing at least one border on at
least one 1mage of said vascular object and said starting-
control-point data representing at least one control point on
said at least one border; an extrapolation application oper-
ating on said computing device and adapted to use said
starting-control-point data to produce additional-control-
point data and additional-border data, said additional-con-
trol-point data representing at least one other control point
on at least one other image and said additional-border data
representing at least one other border on said at least one
other 1mage; and an active-contour application operating on
said computing device and adapted to adjust said at least one
other border.

10. The border-identification system of claim 9, wherein
said data-gathering device comprises an intra-vascular ultra-
sound (IVUS) console.

11. The border-identification system of claim 9, wherein
said border-detection application 1s further adapted to 1den-
tify gradients in said at least one i1mage and use said
gradients to produce starting-border data.

12. The border-identification system of claim 11, wherein
said border-detection application 1s further adapted to use
said starting-border data to produce said starting-control-
point data.

13. The border-identification system of claim 9, wherein
said extrapolation application 1s further adapted to produce
said additional-border data by using cubic interpolation to
connect adjacent ones of said at least one other control point.

14. The border-identification system of claim 9, wherein
said active-contour application 1s further adapted to use
gradient data to adjust said at least one other border, said
gradient data representing gradients in said at least one other
image.

15. The border-identification system of claim 14, wherein
said active-contour application 1s further adapted to consider
the continuity of adjacent ones of said at least one other
control point 1n adjusting said at least one other border.

16. The border-identification system of claim 15, wherein
said active-contour application 1s further adapted to consider
the curvature of said at least one other border in adjusting
said at least one other border.

17. The border-identification system of claim 9, wherein
said active-contour application 1s further adapted to adjust
said at least one other border in accordance with at least one
factor, said at least one factor being selected from the group
consisting of a gradient factor, a continuity factor and a
curvature factor.

18. A method of identifying a boundary on an intra-
vascular ultrasound (IVUS) image, comprising: using a
plurality of control points on a first IVUS 1mage to 1dentily
additional control points on a second IVUS 1mage; using
said additional control points to 1dentify a boundary on said
second IVUS image; adjusting said boundary in accordance
with at least one factor, said at least one factor being selected
from a group consisting ol gradient factor, control-point
factor and boundary factor, where said control-point factor
corresponds to the connectivity of adjacent ones of said
additional control points and said boundary factor corre-
sponds to the curvature of said boundary.
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19. The method of claim 18, further comprising using at additional control points on a second IVUS 1mage further
least a portion of first IVUS data to 1dentily said plurality of comprises extrapolating said plurality of control points on
control points, said first IVUS data corresponding to said said second IVUS image.
first IVUS 1mage.

20. The method of claim 18, wherein said step of using a 5
plurality of control points on a first IVUS 1mage to identify I I
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